ROTOR MAGNET, MOTOR AND STEPPING MOTOR 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

The present invention relates to a rotor magnet and a 
motor. 

DESCRIPTION OF THE RELATED ART 

As is well known, use of a permanent magnet is widely 
diversified and in the use, a permanent magnet maintains an 
important position as a constituent element of an electronic 
apparatus, particularly, a small-sized motor, particularly as 
a rotor magnet. The performance of a permanent magnet has been 
advanced year by year and a magnetic material thereof, has been 
changed from an alnico magnet to a ferrite magnet, further, 
in recent years, materials having a larger magnetic flux 
density such as a samarium-cobalt (SmCo) series magnet or a 
neodymium- iron-boron (NdFeB) series magnet have been adopted. 

It is well known that as these permanent magnets a sintered 
body constituted by sintering a composite body derived from 
metal elements or a resin bonded magnet constituted by kneading 
both of a magnetic powder and a resin powder with the resin 
powder as a binder and molding a mixture thereof (have been 
more often employed Japanese Patent Publication No. 
87634/1994) . 

Generally, a magnetic property of a magnetically 
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anisotropic magnet is regarded to be higher than that of a 
magnetically isotropic magnet. A maximum energy product 
(BHmax) of an anisotropic NdFeB series magnet is larger than 
that of an anisotropic SmCo series magnet and therefore, higher 
magnetic energy can be provided even when the magnet is formed 
in a small shape and the magnet can be downsized when the same 
magnetic energy is intended to be obtained. In a different 
view, in the case of using the magnet of the anisotropic SmCo 
series, the magnet cannot be downsized in comparison with the 
anisotropic NdFeB series magnet. 

However, when the anisotropic NdFeB series magnet is used 
as a rotor magnet for a motor, since a magnetic powder thereof 
is large (size: 100 through 200 ^m) , there causes a dispersion 
in a density of the magnetic powder in the magnet and 
accordingly, there causes a dispersion in magnetic fluxes 
generated at respective poles . 

That is, when a rotor magnet is intended to be downsized, 
there poses a problem in which there is increased a dispersion 
in poles of a rotor which should not be present in the motor. 

SUMMARY OF THE INVENTION 
In order to resolve the above-described problem, a rotor 
magnet for a motor according to the invention is constituted 
by mixing a magnetic powder of SmFeN in a resin binder and 
molding a mixture thereof in a desired shape. Further, a motor 
according to the invention is provided with a rotor including 
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the above-mentioned rotor magnet. Therefore, the rotor and 
the motor can be downsized while achieving promotion in 
accuracy in positions of poles in the rotor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a partially broken perspective view of an 
embodiment according to the invention; and 

Fig. 2 is a sectional view showing a state in which a rotor 
magnet according to an embodiment of the invention is 
integrated to a rotor for a stepping motor. 

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT 

An explanation will be given of an embodiment of the 
invention as follows. Fig. 1 shows a rotor magnet for a 
stepping motor constituted by forming the rotor magnet in a 
cylindrical shape. A material of the rotor magnet used in the 
invention, has been produced by kneading a powder of an 
anisotropic SmFeN (generally, referred to as iron samarium 
nitride, samarium iron nitrogen or samarium iron nitride and 
the like) with an epoxy resin or polyamide resin as a binder 
followed by molding. A metal having a low melting point (Zn, 
Pb or solder) can be used as a binder in some cases. A powder 
of anisotropic SmFeN (magnetic powder) has a granular shape 
and its size is about 10 at maximum. Incidentally, 

anisotropic NdFeB series magnetic powder, the above-mentioned, 
is in blocks and the size of the powder is 100 through 200 pim. 
That is, the size of the anisotropic SmFeN magnetic powder is 
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1/10 through 1/20 of the size of anisotropic NdFeB series 
magnetic powder. In the rotor magnet according to the 
invention the magnetic powder is packed densely and uniformly 
since the particle size of the magnetic powder is small. 

The density of the rotor magnet is about 4-8 g/cm^ and 
is smaller than the density 5.4 g/cm^ of the rotor magnet of 
the anisotropic NdFeB series. The fact is effective in an 
increase in pull-in torque, a decrease of the weight of a motor 
and a reduction in inertia thereof. 

In the present embodiment, a bonded magnet produced by 
kneading 91 wt% of the anisotropic SmFeN magnetic powder, 9 
wt% of polyamide resin as a binder and a reforming material, 
followed by injection-molding in a magnetic field, has been 
used as a rotor magnet. The composition of the above-mentioned 
anisotropic SmFeN magnetic powder is almost as follows, Sm 
(samarium) of 22 wt%, Fe (iron) of 67 wt% and N (nitrogen) of 
2 wt%. The volume content of the magnetic powder of the magnet 
is 56.9 % and the maximum energy product (BHmax) is 100.03 x 
10^ J/m^ (joule per cubic meter) . Further, the surface magnet 
flux of the magnet is about 0.35 T (tesla) when the magnet is 
magnetized in four poles. Incidentally, the maximum energy 
product of a magnet including 93 wt% of the anisotropic SmCol-5 
series magnetic powder is about 64 x 10^ J /m^ (joule per cubic 
meter ) . 

As shown by Fig. 1, the rotor magnet 1 was constituted 
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by forming a coating 3 on an entire surface of the above- 
mentioned molded product 2 , by a rust resistant treatment. In 
forming the coating 3 on the surface, there was used a paint 
including a phosphate among epoxy resin type baking type paints , 
as a metal use primer corrosion resistant paint . Specifically , 
as a paint including a phosphate, there was used a paint 
including aluminum phosphate as a corrosion resistant pigment 
(hereinafter, referred to as "aluminum phosphate type 
coating" ) , the coating was formed on the entire surface of the 
molded product 2 and the coated product 2 was sintered for 1 
through 2 hours at 125 °C to thereby adhere the coating onto 
the surface of the magnet. As a result, there was provided 
the rotor magnet 1 having the corrosion resistant coating 3 
having luster on the surface. 

When the structure of a section of the rotor magnet 1 was 
enlarged and examined, although the structure differed 
depending on the position of the surface, one coating gave a 
thickness of the coating 3 of 20 through 4 0 ^m, two coating 
gave, the thickness of 40 through 80 ixm and no peeling off of 
the coating or cracks were found. 

Next, the rotor magnet 1 was immersed in a physiological 
salt solution at normal temperature and presence or absence 
of occurrence of rust was investigated; even after 12 0 days, 
occurrence of rust was not found at all. Incidentally, in the 
case in which a general epoxy type resin paint was coated on 
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a surface of a magnet of the same kind/ rust was produced after 
three days in a similar experiment. Further, the rotor magnet 
1 immersed in 10 % hydrochloric acid solution constituting a 
severer environment, the rotor magnet 1 remained unchanged for 
20 days. 

It is considered that the reason why the rust resistant 
effect was so high as described above is, because the bonding 
between the SmFeN magnet and the aluminum phosphate type paint 
is very good. That is, an unstable Fe present in the Fe 
component included in the SmFeN magnet is thought to be the 
cause of occurrence of rust, and by the chemical reaction 
through the coating treatment using the paint including the 
phosphate for rust resistance, a dense phosphate coating 
excellent in corrosion resistance and adhering property is 
formed . 

The chemical reaction of the phosphate coating treatment, 
described above, is shown by following chemical equations. 
3A1(H2P04)2 ^ 3AIHPO4+3H3PO4 ... (1) 

3AIHPO4 ^ Al3(P04)2+HjP04 ... (2) 

Fe+H3P04 ^ Fe(H2P04)2+H2t ... (3) 

Fe(H2P04)2 (iron hydrogenphosphate) in the above- 
described chemical equation ( 3 ) constitutes a coating having 
high adhering performance and excellent in corrosion 
resistance. 

Fig. 2 shows an example in which the above-described rotor 
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magnet 1 is integrated as a rotor magnet of a rotor 4 for a 
small-sized stepping motor. The rotor 4 is made by press- 
fitting a shaft portion of a rotor pinion 5 comprising a hard 
plastic molded product into the rotor magnet 1. 

The rotor magnet 1 acquires a very large magnetic flux 
density as mentioned above and therefore, when it is magnetized 
in a state of a single member thereof, the magnets are sucked 
to each other, it is troublesome to separate the magnets and 
accordingly, normally, magnetizing is carried out after 
integrating the both members. With regard to polarities of 
the magnet, the magnet is magnetized in N poles and S poles 
alternately on a circumference formed in a ring-like shape. 

The rotor 4 is made rotatable by alternately switching 
excitation polarities of a stator 6 provided to surround the 
rotor magnet 1 . 

Further, the ratio of the components of the anisotropic 
SmFeN magnet used in the above-described embodiment is only 
an example and an anisotropic SmFeN magnet having other ratios 
of the components can be used as well. Further, with regard 
to a paint including phosphate for rust resistance, in place 
thereof, there can be used a paint including, for example, zinc 
phosphate. Further, when the paint including zinc phosphate 
is used, only aluminum in the above-described chemical 
equations is replaced by zinc and naturally, formation of 
Fe(H2P04)2 having high adhering property and excellent in 
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corrosion resistance remains unchanged. 

Further;, when a stepping motor is used under an 
environment which is difficult to produce rust, the above- 
described coating may not be provided. In this case, the 
coating forming treatment is dispensed with and accordingly, 
fabrication cost can be restrained. 

The rotor magnet according to the invention is constituted 
by mixing the magnetic powder of SmFeN with the resin binder 
and molding the mixture in a desired shape. Therefore, in 
comparison with the conventional anisotropic rare earth magnet , 
the magnetic powder is fine, the magnetic powder is uniformly 
packed and accordingly, the pitch of magnetization can be 
reduced and a motor magnet having a small diameter and a number 
of poles can be produced. 

Further, the maximum energy product is larger than that 
of the constitution using the anisotropic SmCo magnetic powder 
and even when the rotor magnet is downsized, the characteristic 
of the motor can be prevented from being deteriorated. 

Downsizing the rotor magnet amounts to downsizing the 
motor as a whole. Further, the number of coil wirings can be 
increased by an amount of downsizing the rotor magnet and 
accordingly, there is provided magnetomotive force larger than 
that in the constitution before downsizing the rotor, which 
therefore amounts to an increase in torque of the motor. 

Therefore, according to the invention, by using the SmFeN 
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magnetic powder having large magnetic energy and fine magnetic 
powder, there can be realized a rotor magnet which is downsized 
without reducing an output of the motor and thereby is achieved 
an effect amounting to downsizing and high torque formation 
of the motor. 



9 



